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1-1  Derive the heat conduction equation (1-43) in cylindrical coordinates
using the differential control approach beginning with the general
statement of conservation of energy. Show all steps and list all
assumptions. Consider Fig. 1-7.

‘_A SSume Q‘O\I"ef(e/ff’ l’hfﬁ{:(/lw\ val‘-,-{q |

Wo  Mmaygs ‘p{LDLu ' or ocT
O'ﬂ + [)e ,C.)/_Lf_l,l,/,g, ! Vglum e

Aﬂume no (v é7 Contv, | (A)[(,Lm_e'

Y (y E. = AE, Cond,
Jen oA A of
. “3-’}€M‘7 |

]

‘_Pe’\ ‘D\‘ﬁcme -7 Al

S
k4

le/: gr‘dcﬁdraﬁé
) J T |

Car, = -l< A, I wih A - rol ¢ 2

de wih fec f‘ﬂ(q/’”(’f

- NG T |
L4 - ‘</~1¢()a¢ b Ay = drolz
& Seale Packn

Ql"-’-ﬁ{f‘ = r %dz)%‘(i ﬂ(V‘
Czi’*-}a{é zg 7‘018 (%é>%£
Ldrde = 7 +;“+ (2¢)dd

~
Y
11
L
n
RN
N
‘1,
—]



et

5Q) = T~ U * 9, “Terde T Ty~ Ty

U\f;hél‘)t?e ngu{_f , |
. ) ' '
T 96= 2 (ke T ) dr +5)@6<'”‘4”“37g)”(£
2 Ard
A %%)M

3o = 3-dV, with g ejucl 4o
Fefe o 10 fnderne | 64607
Per  wuad UVolume CW/m 3)

—® i, = - bd¢ ded ¢

| ‘é_!_;:c‘.v. A | A
At T ﬂf'?t(dm“} = QAT
(/\-}L, O(_ 'C‘Zéucj 7Lu )“47L€/4o{ enerr
per 't mad (J./ICJ)
2 U= C [+ conidat
—» JAE 2l
- QI‘U(CM@MH-CQ%
with C esee] 4 +le
SDBC«“A\C %ﬁc‘/‘ (J fc3 ’C)

W



|-

Su‘;ﬁ.ﬁtm[v’nj +Lve_ a Soue +Lre< l@ '
rmd

vk
+he @4 erS— €94 eFon 2

3 e vt i s e

‘5 a(mu J T
(}C )0(4,_/_9/‘%/‘ Ap ol 2

= 0c (Mmuo(?}f—)g

J :

l

all Jde;
i J
“37 )C-r‘ﬂ(ra(cfﬂfcl

| J )T “] .

F&Pﬂ%’)_f() .41 9/

| 5
d2%  FT) O 0402761

75



1-2  Derive the heat conduction equation (1-46) in spherical coordinates
using the differential control approach beginning with the general
statement of conservation of energy. Show all steps and list all
assumptions. Consider Fig. 1-8.
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1-3  Show that the following two forms of the differential operator in the
cylindrical coordinate system are equivalent:
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1-4  Show that the following three different forms of the differential
operator in the spherical coordinate system are equivalent:
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1-5  Set up the mathematical formulation of the following heat
- conduction problems. Formulation includes the simplified
differential heat equation along with boundary and initial conditions.
Do not solve the problems.

1. Aslabin 0 <x <7 is initially at a temperature F(x). For times ¢ >
0, the boundary at x = 0 is kept insulated, and the boundary at x =
L dissipates heat by convection into a medium at zero
temperature.

2. A semi-infinite region 0 < x < o is initially at a temperature F(x).
For times ¢ > 0, heat is generated in the medium at a constant,
uniform rate of g, (W/m?), while the boundary at x = 0 is kept at
zero temperature,

3. A hollow cylinder a < r < b is initially at a temperature #(r). For
times ¢ > 0, heat is generated within the medium at a rate of g(#),
(W/m?), while both the inner boundary at » = ¢ and outer
boundary r = b dissipate heat by convection into mediums at
fluid temperature 7, .

4. A solid sphere 0 <7 < b is initially at temperature F(r). For times
¢> 0, heat is generated in the medium at a rate of g(r), (W/m), |
while the boundary at » = b is kept at a uniform temperature 7.
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1-6 A solid cube of dimension L is originally at a uniform temperature
T,. The cube is then dropped into a large bath where the cube
rapidly settles flat on the bottom. The fluid in the bath provides
convection heat transfer with coefficient 4 (W/m?* K) from the fluid
at constant temperature7, . Formulate the heat conduction problem.

Formulation includes the simplified differential heat equation along
with appropriate boundary and initial conditions. Include a sketch
with your coordinate axis position. Do not solve the problem.
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1-7  For an anisotropic solid, the three components of the heat conduction
vector ¢, ¢, and g, are given by equations (1-80). Write the similar
expressions in the cylindrical coordinates for ¢,, g4 ¢, and in the -

spherical coordinates for q,, ¢4 go.
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1-8  An infinitely long, solid cylinder (D = diameter) has the ablhty for
uniform internal energy generation given by the rate g, (W/m ) by
passing a current through the cylinder. Initially (t=0), the cylinder is
at a uniform temperature T,. The internal energy generation is then
turned on (i.e. current passed) and maintained at a constant rate g,
and at the same moment the cylinder is exposed to convection heat
transfer with coefficient 4 (W/m?* K) from a fluid at constant

temperature 7, , noting that 7, >7,. The cylinder has uniform and

constant thermal conductivity £ (W/m K). The Biot number
h% < 1. Solve for time ¢ at which point the surface heat flux is

exactly zero. Present your answer in variable form.
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1-9 A long cylindrical iron bar of diameter D = 5 cm, initially at
temperature 7, = 650°C, is exposed to an air stream at 7,, = 50°C,
The heat transfer coefficient between the air stream and the surface
of the bar is 4 = 80 W/(m*K). Thermophysical properties are
constant: p= 7800 1<g/m3, ¢, =460 J/(kg'K), and k£ = 60 W/(m-K).
Determine the time required for the temperature of the bar to reach
250°C by using the lumped system analysis.
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1-10 A thermocouple is to be used to measure the temperature in a gas
stream. The junction may be approximated as a sphere having
thermal conductivity £ =25 W/(m-K), p= 8400 kg/m’, and ¢, = 0.4
kJ/(kg-K). The heat transfer coefficient between the junction and the
gas stream is 4 = 560 W/(m*K). Calculate the diameter of the
junction if the thermocouple should measure 95% of the applied
temperature difference in 3 s.
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1-11 Determine the constants C; and C, for the constant-area fin solution
of equations (1-100) for the case of the prescribed base temperature
of equation (1-102), and the following tip conditions:

1. Convective tip per equation (1-103).
2. Insulated or symmetric tip per equation (1-104).
3. Prescribed temperature tip per equation (1-105).

4. Infinitely long fin per equation (1-106).
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